The re-use of historical buildings, in some cases those that have been abandoned for years, is currently generating a lot of interest, and brings into discussion topics such as land recycling and the use of new resources. Our project on the rehabilitation of the former San Salvatore hospital in L'Aquila is an example of this re-use, and illustrates how best-practice strategies can be implemented in the rehabilitation of an existing building. There were two themes of evaluation: firstly, the adaptive re-use of a historical building of great impact in a strategic position within the urban core; secondly, the implementation of sustainable strategies when upgrading both the building envelope and building systems.
Introduction
The Italian peninsula, from north to south, is full of abandoned structures, not only in the suburbs, but also within historical centers. Some have been transformed, but these transformations can rarely be taken as a model to imitate, whilst plans for others have been lost in bureaucratic delays and failures of institutions to act in time. Understanding how the enhancement and renovation of existing buildings can be accomplished without the need for new building and further loss of land to construction requires reflection on how action can be taken across such a vast context, encompassing varying and considerable interests.
According to Legambiente [1] , only 45% of public buildings in Italy were built before 1945, and more than 55% of the country's built heritage was built before the eighties. In Europe, approximately 35% of buildings are currently more than 50 years old [2] . These buildings are seldom equipped with adequate insulation systems or facilities, and for this reason, they are referred to as "eco-monsters"; in other words, they are highly energy-consuming buildings. Privately owned, disused building stock (some sources indicate approximately 5 million units in Italy) is in the same critical condition, with the worst affected being historical villages, many of which are in an irreversible state of neglect. The motivation behind the research illustrated below is the knowledge that action is required for our abandoned or neglected built heritage rather than for vacant areas [3] .
The implementation of strategies aimed at promoting energy efficiency and limiting energy consumption is clearly a fundamental aspect of renovation today. In central Italy, the effect of recent earthquakes and subsequent interventions on buildings has generated an unexpected meeting of interests by combining renovation and energy efficiency improvement of buildings, through the use of high-performance and high-quality energy systems [4] . In this context, the rehabilitation project of an old, decommissioned hospital in L'Aquila was a unique opportunity to improve the community's built heritage. In fact, "Community residents have a strong stake in a local heritage site and may be an important force in its conservation, management and development. Positive relationships between the heritage site and community residents can promote its protection" [5] . Mapping out a model to follow for reference for future projects was a logical consequence of this work, as the building had a highly symbolic value for the city of Aquila. Semprini et al. [6] analyzed a public building, making some minor modifications to improve the energy efficiency and they obtained some very promising results [2] .
Our research aims were therefore the following:
1 A complete rehabilitation of the building in relation to its functional, spatial, aesthetic, energetic and structural aspects, so as to give it a new role also in terms of architecture, considering its strategic position within the urban fabric. 2 Sustainability in terms of meeting energy efficiency requirements, reducing environmental impact and improving comfort and quality of the interior spaces of the public buildings in line with European policies. "In Europe, the legislation concerning this area is based on the certification of energy efficiency, developed in the early 1990s as a primary strategy to reduce energy use and carbon emissions as well as the energy policy adopted in 2007, called 7, 8] .
Our objectives in this regard were the following:
• We have endeavored to cover all of the above in this paper, although our main focus was on strategies that need to be implemented in order to improve the energy performance of the building envelope [9] . In fact, the building envelope is an energy-passive element, but the key element for ensuring the efficient performance of the whole building system [10] .
Materials and Methods
A multi-disciplinary, holistic approach that takes into account cultural, historical, architectural, functional, aesthetic, structural, energy saving, economic and environmental aspects is necessary for the rehabilitation of a historical building. The study of these aspects is also important for identifying the most appropriate technological and design solutions [8, 11] . Hence, the first step is the "study" of the building [12, 13] in order to understand the aspects that identify and characterize it. However, in more complex contexts, it may not be possible to identify pre-established solutions, and a more "identitarian" approach is necessary that is more flexible and specific for the single case under consideration.
The methodology adopted in the first stage includes investigations and assessments aimed at gaining accurate knowledge of the building in order to identify the best possible design solutions that are compatible, reversible and most importantly in line with the values and identity of the building itself [14] .
The methodological procedure has been developed through a careful assessment of the following aspects [15] This survey phase was undertaken in light of European state-of-the-art work regarding similar projects of rehabilitation of heritage buildings [9, [16] [17] [18] . In fact, "many publications studied the new measures to incorporate them into university buildings and how these could affect in the energy costs of local authorities. Trying to achieve this goal of energy sustainability, governments have included new policies to improve both energy saving and renewable energy; for example, the inclusion of light-emitting diodes (LEDs) in indoor lighting instead of the old incandescent bulbs" [2, 19, 20] .
These analyses were carried out to identify the values to be preserved (historic, architectural, landscape) as well as changeable elements (accretions, incoherent or highly-degraded elements). The results of these analyses highlight critical issues-environmental, structural, and/or relating to plumbing, electrical and/or gas systems-and were used to establish the design strategies to be implemented. The last step involved verifying the improvement levels generated by the design solutions selected.
The intervention on a complex and historical building, like our case study, raises issues that go beyond the simple process of rehabilitation and energy performance adjustment, since it is also necessary to include a careful process of re-arrangement and re-purposing of the space, defining new patterns of use. Furthermore, since the intervention involves a historical context to be rehabilitated, the designer must take into account many other aspects, such as the presence of variables, constraints, specific surrounding context, etc. In fact, the case study in this paper was once a hospital, but will never be reclassified for the same use, as current therapeutic needs and the energy efficiency levels required today are not compatible with the structure of old building types. The same applies to energy and environmental aspects, because they are now essential elements in the process of recovery and rehabilitation. It is evident that a multilayered approach is the only one possible. Indeed, problems have arisen as a result of insufficient exploration of types and methods of transformation in historical contexts and a lack of integral, interdisciplinary, planned approaches to the rehabilitation of space [12] . It should also be borne in mind the strict Italian norms in place, and the regulations set down by the authorities concerning buildings of cultural importance, which limit the approaches that can be taken.
The software programs used to process analyses and support the drafting of the project have had an important role in the development of our research. After analyzing differing types of software, we chose Ecotect and its add-on software Winair, Termus, Design Builder and PV Syst, based on a comparative analysis between software [21] [22] [23] [24] .
Ecotect software was used in solar analysis of the building complex in the context of its territory, as well as to calculate the incident solar radiation on all surfaces of the building. Winair software was used to study the natural ventilation of the building's surroundings. The steady-state energy simulation was implemented with Termus software, and the dynamic simulation with Design Builder software. The latter allowed us to quantify energy needs, the annual consumption, and the monthly values of comfort inside the building [21] . The PV Syst software was used for the design and installation of the photovoltaic system, and to evaluate its performance.
Results

The Case Study: State-of-the-Art Analysis
The former San Salvatore hospital, the city's main hospital up to the end of the twentieth century, is located in the northern part of the historical center of L'Aquila, near the city walls. Since the opening of a new hospital, the building has been left empty and devoid of any function, undergoing a gradual process of degradation, worsened by the serious damage caused by an earthquake that hit the city of L'Aquila in 2009 (Figure 1 ). 
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Classification and Analysis of the Spatial Arrangement
From an architectural point of view, the building complex is, at present, a heterogeneous and incoherent set of spaces in which the single elements cannot be recognized due to the many changes that have occurred over time, mainly to upgrade the sanitary and functional standards of the building. In fact, the hospital was set up in 1875 in a pre-existing building entailing inevitably structural changes right from that time.
In the early 1930's the hospital complex underwent expansion; indeed most of the extensions were built during this phase, giving the building a typical courtyard shape that is still recognizable today. Further extensions were added in the 1950s and 1960s due to the need for more space and since 1970, the building complex underwent continuous volumetric changes due to additions that altered the architectural and typological aspect, closing the courtyards built in the 1930s [25] [26] [27] [28] [29] .
Analysis of the Construction Structure
The construction structure of the building complex, clearly visible due to the state of degradation of the plaster, is the result of the transformations undergone over this time. The analysis of vertical closures shows that the medieval core of the building has a structure of stone masonry, while in almost all of the remaining part of the building complex the stones are alternated every 60 cm to a double brick course, reinforced only in some portions of the structure with concrete pillars. As these construction elements do not have a homogeneous layered composition, the related energy and structural behaviors of the building are not linear with the consequent impossibility of assessing its performance (even the floors of the different portions of the building were built using different techniques). In fact, in the original medieval section, there are vaults or mixed slabs with iron and clay bricks (double T iron beams and vaults made of bricks or flooring blocks), whilst in the remaining part of the building there are floors made of hollow bricks and concrete slabs. The roofing structures are made of wood in all sections of the building, despite the fact they were built in different periods ( Figure 2 ). 
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Analysis of the Construction Structure
Thermal Analyses
Thermal analyses mainly refer to the elements making up the building envelope, for the reasons explained above. This activity was carried out through the integrated and synergistic use of new energy audit techniques, such as thermographic, thermo-hygrometric and heat flux analyses, which helped to significantly improve the quality and effectiveness of site investigation processes [17, 30] .
They were only used, however, for the portion of the building complex dating back to the 1950s. In fact, being the most damaged part of the building, it needs to undergo significant recovery work, both from a structural and energetic point of view ( Figure 3 ). 
They were only used, however, for the portion of the building complex dating back to the 1950s. In fact, being the most damaged part of the building, it needs to undergo significant recovery work, both from a structural and energetic point of view ( Figure 3 ). A series of problems have been revealed, from an energy perspective, with the type of masonry examined, especially in winter, mainly due to the lack of insulation. In contrast, in summer, thanks to the high thermal inertia of the stone walls, the masonry is able to deliver a good level of indoor comfort. The above-mentioned considerations derive from in-situ visual analyses, and are supported by the output data obtained from dynamic and steady-state simulations carried out with Termus software, and from dynamic state simulations using Design Builder software.
The thermal analysis of the vertical and horizontal closures in a steady state showed inadequate performance, with values of transmittance exceeding the maximum levels permitted by law (D.M. A series of problems have been revealed, from an energy perspective, with the type of masonry examined, especially in winter, mainly due to the lack of insulation. In contrast, in summer, thanks to the high thermal inertia of the stone walls, the masonry is able to deliver a good level of indoor comfort. The above-mentioned considerations derive from in-situ visual analyses, and are supported by the output data obtained from dynamic and steady-state simulations carried out with Termus software, and from dynamic state simulations using Design Builder software. The thermal analysis performed in a dynamic regime showed, consistent with the previous analysis, a high heating demand in winter of approximately 90.137 Wh/m 2 and, conversely, a low cooling demand in summer of approximately 6.163 Wh/m 2 ( Figure 5 ). In the warmest month (August), in fact, the operating temperature was 24.72 °C and relative humidity was 52.47% ( Figure 6 ).
The comfort curve indicates the quantitative levels of the main parameters that influence the thermal comfort in indoor environments, i.e., the operating temperature and relative humidity. As mentioned, the chart shows that the comfort conditions are good in summer, whilst in winter the operating temperature has low values. The thermal analysis performed in a dynamic regime showed, consistent with the previous analysis, a high heating demand in winter of approximately 90.137 Wh/m 2 and, conversely, a low cooling demand in summer of approximately 6.163 Wh/m 2 ( Figure 5 ). In the warmest month (August), in fact, the operating temperature was 24.72 • C and relative humidity was 52.47% ( Figure 6 ).
The comfort curve indicates the quantitative levels of the main parameters that influence the thermal comfort in indoor environments, i.e., the operating temperature and relative humidity.
As mentioned, the chart shows that the comfort conditions are good in summer, whilst in winter the operating temperature has low values. The thermal analysis performed in a dynamic regime showed, consistent with the previous analysis, a high heating demand in winter of approximately 90.137 Wh/m 2 and, conversely, a low cooling demand in summer of approximately 6.163 Wh/m 2 ( Figure 5 ). In the warmest month (August), in fact, the operating temperature was 24.72 °C and relative humidity was 52.47% ( Figure 6 ).
The comfort curve indicates the quantitative levels of the main parameters that influence the thermal comfort in indoor environments, i.e., the operating temperature and relative humidity. As mentioned, the chart shows that the comfort conditions are good in summer, whilst in winter the operating temperature has low values. The thermal analysis performed in a dynamic regime showed, consistent with the previous analysis, a high heating demand in winter of approximately 90.137 Wh/m 2 and, conversely, a low cooling demand in summer of approximately 6.163 Wh/m 2 ( Figure 5 ). In the warmest month (August), in fact, the operating temperature was 24.72 °C and relative humidity was 52.47% ( Figure 6 ).
The comfort curve indicates the quantitative levels of the main parameters that influence the thermal comfort in indoor environments, i.e., the operating temperature and relative humidity. As mentioned, the chart shows that the comfort conditions are good in summer, whilst in winter the operating temperature has low values. 
Bioclimatic Analyses
Finally, additional semi-qualitative bioclimatic analyses were carried out on the entire building complex in its current state. Solar shading, incident solar radiation and ventilation analyses were carried out using the Ecotect and Winair software programs. These analyses highlighted other important issues with this historic building, in addition to the inefficient arrangement of the internal space, the state of decay and neglect and heavy structural damage already listed in chapter 2 of this paper.
However, these analyses also highlighted significant potential. For example, the qualitative analysis of solar shading, implemented at both global and specific levels in the various reference periods of the year and at different times of the day, showed that some indoor and outdoor spaces are in perpetual shade and some facades of the building complex receive a poor amount of daylight for much of the year.
The main issues occur in winter, when the internal courtyards are totally devoid of any natural daylight (Figure 7 ) [31] . Conversely, the analysis shows that all of the roofs are constantly exposed to the sun. For this reason, we suggest the installation of active solar energy systems.
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The main issues occur in winter, when the internal courtyards are totally devoid of any natural daylight (Figure 7 ) [31] . Conversely, the analysis shows that all of the roofs are constantly exposed to the sun. For this reason, we suggest the installation of active solar energy systems. This solution may be slightly problematic, as the response is frequently, "this option has not been properly utilized because of psycho-social barriers and lack of information" [8, 32] . However, "there are worthy examples, based on meticulous research aimed at appropriate integration that demonstrate the enormous potential of integrating these elements into historical buildings" [8] . In this case, the architectonic integration of active solar energy systems is based on the principle of minimal visible impact, and installation of these units would respect the outline of the roof as well as figurative and aesthetic aspects such as color and material [33] .
A quantitative analysis of the solar radiation carried out on all the surfaces of the actual building envelope and the surfaces of a simplified envelope that encloses the building (the modeling hypothesis) showed the annual trend of incident solar radiation. This analysis indicated minimal solar gains for some areas in the colder months-much lower than the available solar radiation-but higher values for some areas both in winter and in summer, (in the latter season, presumably subject to overheating) [34] . This solution may be slightly problematic, as the response is frequently, "this option has not been properly utilized because of psycho-social barriers and lack of information" [8, 32] . However, "there are worthy examples, based on meticulous research aimed at appropriate integration that demonstrate the enormous potential of integrating these elements into historical buildings" [8] . In this case, the architectonic integration of active solar energy systems is based on the principle of minimal visible impact, and installation of these units would respect the outline of the roof as well as figurative and aesthetic aspects such as color and material [33] .
A quantitative analysis of the solar radiation carried out on all the surfaces of the actual building envelope and the surfaces of a simplified envelope that encloses the building (the modeling hypothesis) showed the annual trend of incident solar radiation. This analysis indicated minimal solar gains for some areas in the colder months-much lower than the available solar radiation-but higher values for some areas both in winter and in summer, (in the latter season, presumably subject to overheating) [34] .
As shown in the picture, the surfaces exposed to the south, (southeast) have the most favorable conditions in winter, with an incident solar radiation of about 20% of the available solar radiation (around 267 Wh/m 2 compared to 1295 Wh/m 2 available) (Figure 8) .
Finally, the analysis of the ventilation showed the prevalence of winter and summer winds blowing from the N-NW, with average speed values of about 1.1 m/s in the various months of the year. The analysis highlighted the fact that there are facades constantly exposed to the winds, both in summer and winter. The summer breezes had a cooling effect on the front of the building. However, it also revealed that there are confined spaces with no ventilation, potentially subject to the formation of damp and unhealthy air (Figure 9 ).
In summary, the assessments show that most of the building complex has an inadequate energy efficiency performance and is not sufficiently exposed to the sun. In addition to this, there is a prevalence of cold winter winds on some fronts, and poor ventilation (input data provided by the Centre of Excellence for the Integration of Remote Sensing Techniques and Numerical Models for early warning of severe meteorological events (CETEMPS)), which prevents air renewal and the general improvement of thermo-hygrometric conditions. As shown in the picture, the surfaces exposed to the south, (southeast) have the most favorable conditions in winter, with an incident solar radiation of about 20% of the available solar radiation (around 267 Wh/m 2 compared to 1295 Wh/m 2 available) (Figure 8) .
In summary, the assessments show that most of the building complex has an inadequate energy efficiency performance and is not sufficiently exposed to the sun. In addition to this, there is a prevalence of cold winter winds on some fronts, and poor ventilation (input data provided by the Centre of Excellence for the Integration of Remote Sensing Techniques and Numerical Models for early warning of severe meteorological events (CETEMPS)), which prevents air renewal and the general improvement of thermo-hygrometric conditions. 
The Project: from Intervention Strategies to Technological Insights
The surveys carried out on the historic building highlighted the presence of historical and construction values to be preserved, but also of accretions and structural damage. These studies support our proposal to demolish all the extensions built over the years. In fact, the construction of these exterior accretions has caused substantial damage as a result of the seismic stress, with consequent deterioration of the structural conditions of the building complex. Moreover, it has led to the closure of internal courtyards, limiting considerably the penetration of natural light and ventilation. Hence, the first step of our design solution was to strip the building of all inadequate extensions and return it to its original configuration. The creation of inclusive gathering spaces and, from a functional point of view, the clearing of the courtyards, would allow an improvement of sanitary and environmental conditions while enabling better penetration of natural light and ventilation.
Once the portions of the building to be demolished had been identified, design strategies could be implemented to achieve the objectives already listed above and summarized below:

Space re-purposing, by changing the intended use, and space re-arrangement according to modern environmental and sanitary standards;  Upgrading of the technological system by restoring or improving the performance levels of the existing building elements, where they were affected by issues linked to technological performance; and  Aesthetic rehabilitation of the historic building through the introduction of new design elements.
To achieve these goals, we developed a project focusing on energy efficiency upgrading, structural strengthening of the portions of the building characterized by important historical, aesthetic and architectural values, and on the re-arrangement of spaces to meet the needs of different users. The proposed design for the building, including new, partially underground spaces, retains total respect for the structural, architectural and aesthetic aspects of the original construction structure. The project of expansion, in fact, does not aim to disrupt the typical features of the building complex such as the courtyard building shape, and is the result of a careful study on transformability and compatibility with the pre-existing construction. What the project proposes, therefore, is an 
The Project: from Intervention Strategies to Technological Insights
• Space re-purposing, by changing the intended use, and space re-arrangement according to modern environmental and sanitary standards; • Upgrading of the technological system by restoring or improving the performance levels of the existing building elements, where they were affected by issues linked to technological performance; and • Aesthetic rehabilitation of the historic building through the introduction of new design elements.
To achieve these goals, we developed a project focusing on energy efficiency upgrading, structural strengthening of the portions of the building characterized by important historical, aesthetic and architectural values, and on the re-arrangement of spaces to meet the needs of different users. The proposed design for the building, including new, partially underground spaces, retains total respect for the structural, architectural and aesthetic aspects of the original construction structure. The project of expansion, in fact, does not aim to disrupt the typical features of the building complex such as the courtyard building shape, and is the result of a careful study on transformability and compatibility with the pre-existing construction. What the project proposes, therefore, is an aesthetic rehabilitation of the building that is both the indirect consequence of the changes that affect the building related to other types of problems and a consequence of the need to highlight the transformation caused by the rehabilitation process itself.
In line with the city's plan to provide university residences for students, it is intended that the building of the former San Salvatore hospital, thanks to its strategic location in the heart of the city, will be transformed into an integrated university campus that supports the facilities already operating in that area, offering services both to students and citizens. Thus, our project incorporates recreational facilities, cultural facilities (libraries, exhibition areas and aggregation spaces), sports facilities and green spaces, and a flywheel for the rehabilitation and development of the urban fabric involved in the intervention [35] .
The oldest section of the building complex, together with an extension built in the 1950s (north-eastern part), will comprise the university residences and related services, including a self-service bar, study rooms, lounges and meeting rooms that are also open to the general public. The university residence will have a capacity of about 100 beds, made up of single and double rooms, mini-apartments and apartment shares, and will include internal and external common areas and a communal kitchen on each floor.
The intervention to upgrade the building's energy efficiency requires, above all, the implementation of a careful compatibility check of the procedure and utilization of newly developed technologies in complex contexts, such as historical ones [36] . High levels of reliability and durability must be achieved by combining technologies consolidated over centuries with the latest high-performance products available on the market. The method consists of superimposing "dry" layers, which improve the performance levels of the building's elements, on the "wet" sedimentation, using minimally invasive and completely reversible techniques. In fact, in addition to the demolition of the roof and of the last floor due to severe structural deficiencies, the project includes the introduction of a new wooden structure inside the existing perimeter walls, which have undergone a structural consolidation, in order to improve both the building's seismic performance and the thermo-hygrometric features of the building envelope. On the second floor, in fact, the introduction of X-LAM self-supporting panels will help solve functional problems, increasing the performance and the overall functioning of the building organism as they work at a structural level, providing stiffness and resistance to the actions carried out on the floor, as well as on an energy performance level, as they can be seen as a surface addition to the treatment of a pre-existing building envelope ( Figure 10 ) [37, 38] .
The existing building envelope does not meet current requirements, so our project proposes an intervention to upgrade the building to comply with current legislation on the energetic rehabilitation of historic buildings. This includes the replacement of existing windows with new windows having aluminum thermal cutting frame and double glazing, the remaking of a ventilated roof replacing the old one, and the installation of a cladding system with internal and external insulation.
The analysis of the lighting levels inside the rooms carried out using Design Builder software highlighted the uneven distribution of daylight. For this reason, the installation of lightshelves and heliostats is included to ensure homogeneous illuminance values.
Further technological expedients used to achieve energy autonomy includes interventions on the building's energy plant system, such as the integration of photovoltaic panels and elements to transport, control and use natural light to reach a high level of indoor illumination and adequate climatic and thermo-hygrometric design of open spaces.
The study also looked at insulation solutions, compatible with the building, both from an aesthetic as well as performance point of view, able to solve the critical winter issues with the building envelope, in particular the vertical closures, without compromising its efficiency during the summer. Clearly, these solutions must ensure adequate compatibility levels with the history, aesthetic layout and behavior of the existing structure. Hence, the idea of applying only an external insulation coating was excluded, because it would have resulted in thickness impacting on a building of this type. Likewise, the solution of applying only an internal insulation coating was also rejected, because most of the thermo-hygrometric assessments showed that the values of the interstitial condensation were not met. Furthermore, from an architectural point of view, this solution would have resulted in a reduction of internal spaces. Therefore, the most suitable solution, able to meet both the performance and aesthetic requirements, is the use of internal-external insulation coating.
The insulation materials that can be used are of different types: mineral, vegetable, animal and/or synthetic [39] . The choice of insulation can be made with the help of a series of post-intervention dynamic simulations carried out with Design Builder software, which shows, for each type of insulation used, parameterized output data that can be used to identify an optimal choice. The results obtained using the dynamic simulations performed for each compatible solution are shown in Figure  11 . The table shows thickness, heating and cooling needs, costs and thermo-hygrometric analysis of the various solutions examined and gains achieved compared to the current state. The results reveal that, in very similar conditions of transmittance, the increase in the heating needs in winter are almost the same for the various types of insulation [4] .
In the warmer months, there is an increase of the internal temperature, which exceeds 25 °C; for this reason, the cooling requirement increases, to maintain adequate levels of indoor comfort. This increase of the cooling requirement in percentage is very similar for all the solutions; therefore, thickness, cost and hygrometric check were the key parameters in the final choice. Clearly, these solutions must ensure adequate compatibility levels with the history, aesthetic layout and behavior of the existing structure. Hence, the idea of applying only an external insulation coating was excluded, because it would have resulted in thickness impacting on a building of this type. Likewise, the solution of applying only an internal insulation coating was also rejected, because most of the thermo-hygrometric assessments showed that the values of the interstitial condensation were not met. Furthermore, from an architectural point of view, this solution would have resulted in a reduction of internal spaces. Therefore, the most suitable solution, able to meet both the performance and aesthetic requirements, is the use of internal-external insulation coating.
The insulation materials that can be used are of different types: mineral, vegetable, animal and/or synthetic [39] . The choice of insulation can be made with the help of a series of post-intervention dynamic simulations carried out with Design Builder software, which shows, for each type of insulation used, parameterized output data that can be used to identify an optimal choice. The results obtained using the dynamic simulations performed for each compatible solution are shown in Figure 11 . The table shows thickness, heating and cooling needs, costs and thermo-hygrometric analysis of the various solutions examined and gains achieved compared to the current state. The results reveal that, in very similar conditions of transmittance, the increase in the heating needs in winter are almost the same for the various types of insulation [4] .
In the warmer months, there is an increase of the internal temperature, which exceeds 25 • C; for this reason, the cooling requirement increases, to maintain adequate levels of indoor comfort. This increase of the cooling requirement in percentage is very similar for all the solutions; therefore, thickness, cost and hygrometric check were the key parameters in the final choice. The following types of wall insulation were identified for this project:
 insulating panels and aerogel-based plasters with reduced thickness (about 1.5 cm), given their high thermal resistance, for the external coating for the portion of the building characterized by the presence of stone jambs and frames on the windows, which do not allow the use of highthickness insulating panels; and  panels in wood pressed fibers for the inner coat, in adherence to the perimeter masonry walls, 7 cm thick. Such material, besides being natural, eco-friendly, recyclable and biodegradable due to its vegetal origin, allows for the use of a reduced thickness, which is essential to preserve the size of the internal spaces [40, 41] .
Lastly, insulating panels in granular expanded glass were chosen for the roof also because of their high mechanical resistance to compression, which is an important factor, given the installation on the roof of photovoltaic panels integrated in the coating, which need proper support.
Discussion: Assessment of the Improvement Levels Predicted to Be Achieved
The steady-state assessments of all the envelope elements at the design stage show a significant improvement in both the transmittance values and phase shift values of the thermal wave. For the horizontal closures, there is a U-value of 0.19 W/m 2 K and a phase shift value of 10 h, while the vertical closures have a U-value of 0.25 W/m 2 K and a phase shift equal to 5 h, which are perfectly within the limits imposed by law, as are the superficial and interstitial condensation values (Figure 12 ). The following types of wall insulation were identified for this project:
• insulating panels and aerogel-based plasters with reduced thickness (about 1.5 cm), given their high thermal resistance, for the external coating for the portion of the building characterized by the presence of stone jambs and frames on the windows, which do not allow the use of high-thickness insulating panels; and • panels in wood pressed fibers for the inner coat, in adherence to the perimeter masonry walls, 7 cm thick. Such material, besides being natural, eco-friendly, recyclable and biodegradable due to its vegetal origin, allows for the use of a reduced thickness, which is essential to preserve the size of the internal spaces [40, 41] .
The steady-state assessments of all the envelope elements at the design stage show a significant improvement in both the transmittance values and phase shift values of the thermal wave. Similarly, the assessments in dynamic state, carried out with Design Builder software, show a significant gain on winter thermal loads, with a reduction of the heating needs of approximately 52.28% (value of about 43,016 Wh/m 2 ) and a reduction in the relative indoor humidity value, although there is a slight temperature increase during the month of August, to approximately 25.10 °C, compared to the 24.70 °C of the current state (Figures 13 and 14) . This aspect is negligible compared to the considerable reduction in winter heating demand ( Figure 15 ).
The bioclimatic analyses show, as previously mentioned, that the roof pitches of the building are permanently exposed to the sun (Figure 16 ). Such data supports the idea of installing systems able to exploit renewable energy [42] , also taking into account the considerable annual energy requirements of the portion of the building used as a residence equal to 223,818.90 kWh/yr. Two types of photovoltaic modules are suitable, depending on the orientation and inclination of the roof:
 single-crystal silicon modules integrated into the glass for the flat glass roof, with a peak power of 147 Wp/m 2 and a 17% efficiency;  flexible thin-film modules installed on the coating of the pitched roofs with east-west orientation, with a nominal power of 68 Wp/m 2 and a 10% efficiency ( Figure 17 ) [8] . Similarly, the assessments in dynamic state, carried out with Design Builder software, show a significant gain on winter thermal loads, with a reduction of the heating needs of approximately 52.28% (value of about 43,016 Wh/m 2 ) and a reduction in the relative indoor humidity value, although there is a slight temperature increase during the month of August, to approximately 25.10 • C, compared to the 24.70 • C of the current state (Figures 13 and 14) . This aspect is negligible compared to the considerable reduction in winter heating demand ( Figure 15 ).
• single-crystal silicon modules integrated into the glass for the flat glass roof, with a peak power of 147 Wp/m 2 and a 17% efficiency; • flexible thin-film modules installed on the coating of the pitched roofs with east-west orientation, with a nominal power of 68 Wp/m 2 and a 10% efficiency ( Figure 17 ) [8] . Similarly, the assessments in dynamic state, carried out with Design Builder software, show a significant gain on winter thermal loads, with a reduction of the heating needs of approximately 52.28% (value of about 43,016 Wh/m 2 ) and a reduction in the relative indoor humidity value, although there is a slight temperature increase during the month of August, to approximately 25.10 °C, compared to the 24.70 °C of the current state (Figures 13 and 14) . This aspect is negligible compared to the considerable reduction in winter heating demand ( Figure 15 ).
The bioclimatic analyses show, as previously mentioned, that the roof pitches of the building are permanently exposed to the sun (Figure 16 ). Such data supports the idea of installing systems able to exploit renewable energy [42] , also taking into account the considerable annual energy requirements of the portion of the building used as a residence equal to 223,818.90 kWh/yr. Two types of photovoltaic modules are suitable, depending on the orientation and inclination of the roof:  single-crystal silicon modules integrated into the glass for the flat glass roof, with a peak power of 147 Wp/m 2 and a 17% efficiency;  flexible thin-film modules installed on the coating of the pitched roofs with east-west orientation, with a nominal power of 68 Wp/m 2 and a 10% efficiency ( Figure 17 ) [8] . The roof-integrated photovoltaic systems generate about 98,000.00 kWh/yr of energy, equal to approximately 33% of the electric energy requirements previously calculated.
Conclusions
The research illustrated in this paper shows irrefutably the importance of the process of analysis, not only of the formal, material and cultural-historical aspects of a building and its context, but also of the functional and performance behavior of the building elements, in order to achieve a complete and comprehensive characterization of the building elements based on the interconnecting of varying analyses (thermographic, thermo-hygrometric and heat-flux analysis) ( Figure 18 ) [30] .
The second important aspect that has emerged from this study is related to the use of newly developed technologies to implement regeneration and requalification. Technological innovation can provide means of dealing with the difficulties of combining the preservation of architectural and morphological values of the building constructions with the new needs of contemporary living as well as compliance with current standards and legislation. In addition, historical buildings, mostly built in compliance with "art rules" with regards to materials and technical aspects, fare better with the introduction of soft technologies, like innovative ones, aimed at integrating rather than replacing. The roof-integrated photovoltaic systems generate about 98,000.00 kWh/yr of energy, equal to approximately 33% of the electric energy requirements previously calculated.
The second important aspect that has emerged from this study is related to the use of newly developed technologies to implement regeneration and requalification. Technological innovation can provide means of dealing with the difficulties of combining the preservation of architectural and morphological values of the building constructions with the new needs of contemporary living as well as compliance with current standards and legislation. In addition, historical buildings, mostly built in compliance with "art rules" with regards to materials and technical aspects, fare better with the introduction of soft technologies, like innovative ones, aimed at integrating rather than replacing. Finally, intervention on historical buildings should be considered and treated as a unique opportunity, not easily transferable to other cases. Work on pre-existing structures and changing the behavior of elements originating in different historical and cultural contexts must be implemented through accurate and localized actions rather than repetitive and universal ones. Therefore, we reaffirm the need for specific, single interventions, and encourage specific rehabilitation projects, as they are the only effective means of responding to the diversity and uniqueness of different contexts ( Figure 19 ).
There is no single solution, since the most effective solution is to "test" the many opportunities that arise and, in most cases, literally invent the technical-executive procedure best suited to the historical context and to the specific features of the overall and individual form of the building. The only replicability resides in the orientation of the method that is based on the synergistic arrangement of the critical analysis of the building, climatic analysis and evaluation of environmental comfort. Therefore, it is necessary to start with a thorough analysis of the structure and the typological and Finally, intervention on historical buildings should be considered and treated as a unique opportunity, not easily transferable to other cases. Work on pre-existing structures and changing the behavior of elements originating in different historical and cultural contexts must be implemented through accurate and localized actions rather than repetitive and universal ones. Therefore, we reaffirm the need for specific, single interventions, and encourage specific rehabilitation projects, as they are the only effective means of responding to the diversity and uniqueness of different contexts ( Figure 19 ).
There is no single solution, since the most effective solution is to "test" the many opportunities that arise and, in most cases, literally invent the technical-executive procedure best suited to the historical context and to the specific features of the overall and individual form of the building. The only replicability resides in the orientation of the method that is based on the synergistic arrangement of the critical analysis of the building, climatic analysis and evaluation of environmental comfort. Therefore, it is necessary to start with a thorough analysis of the structure and the typological and technical-construction aspects of the original "building-container", aimed at the critical acknowledgement of the values and its technical and cultural transformability. Not forgetting, lastly, to introduce climatic analysis into the conceptual system, which is essential for the proper elaboration of design strategies aimed at upgrading and improving environmental comfort. technical-construction aspects of the original "building-container", aimed at the critical acknowledgement of the values and its technical and cultural transformability. Not forgetting, lastly, to introduce climatic analysis into the conceptual system, which is essential for the proper elaboration of design strategies aimed at upgrading and improving environmental comfort. 
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